
class rather than the pale class. Because of the very? sharp ex-oression of . 

variegation among the Snm carrying kernels and also because of the faint _. 

5718 
pigment produced in its absence, this/state of a m-l _ has been useful in a 

1 

number of studies of the Spm s:rstem. 

Subsequent tests conducted with plants having state 5718 al ITl-1 
and 

Spm have indicT+n LI,,ud that the appearance of kasnels having the A1 phenotype 

in its progeny is rare. The number with this phenot::pe derived from tests 

of plant 604SB-4 entered in table 15, is unusually high. SY 

The same collection of pollen was used self-pollination and 

I$, the test cross entered in this table. 1-t is suspected that the tassel of 

mutant Al 
this plant Ill&m which pollen was collected had a small/sector 

I and 

w tJ.4 f-j \ /uncubocuX c4g.‘d 
that the pollen grains XJCEZX~ dorived from anthers in t3is secto>were 

M J-k4 
res::onsible for the anpearonce of the -F+T!-~ number of ke nels 

exhibiting the A1 phenot;;pe, 

kernels s2nxf1~&~ 
A number of plants were grown from/me e;rs produced by crosses 

conducted with :-lant 5'720, With rare exceptions, the ste' e of a m-l 
1 

$&.s ,lant EZ.XY~ and in its progeny gives rise in plant and kernel to 

mutant areas that exhibit only low levels of -oig-ient Intensity. As mutation 

* 
inducting events ma;: occur very early in development of ~+EI~Dw r,lant m 

" 
:;,, sporogenous cel.ls,D 323 , a numbcr of 
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c a:zTy 
gametes are formed by plants having this state that ?x.xx~ a mutant of a 

m-1 
1 

The:,efore, many kernels appear on test cross ears thct express this. 

One grade of pigment intensity is expressed in ec-ch but the range of this _- 

(tJQb--~ 
among the mutant carrgfng kernels is from very .faint to mediti d:rk, 

4 

When a !2lant h,am-7ing this state 5720 of a m-l 
1 and also S;pm is used as a 

pollen parent in the cross to plants homozygous for al, only one of the 

three chrol:lozomes 3 in the endospefms of kernels on the rassul%5.ng ear carries 

this al m-1 . Among the variegated class of kernels with this constitvt?on, 

mutant are7.s ap?:ear. Each expresses one ;,nrticul~~~ gra &a of p:i.gxent 

intens?ty with2.n it. Then, however, tne reciprocal cross is made, among 

f&A e&G 
the variegated kexels on the resulting ezr, mutant a:'?ezs w appear within 

&2d 
A A 

w&G& the:z ax'e smaller areas exhibiting deepe? shades o.f pigment intens;ity, 
.w -VA 

kit@ 
TX& sT1-L0 ‘0 &@JL’X l-d 

This is exgectcd these kernels m-q e nf m-l 
E 1 al 4 in txo of its 

i&C6 
three chro1::oso::res 3,a~dbutation-inducjng events macur to each 5nde-r:endentZ.y 

40 
Of Mother. kti Types of k::rnels an::e:::ring one e,zrs produced ti cro;s~ 

2 

Of -plants that were almgl (state j720)/al to plants homoz;:gous for al 

are giT:en in table 16, In t?is table it PC11 be s: en that We number of 
P , \‘ m 

+&&4aa the number of coP&rless 

subsequently l.eaxed that :-r:ith state 5720, no antllocy;-anM 
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. 
Q$ pigment is produced in either plant or kernel xIIen Spm is absent. %UEXX & 

The high Y,ate of germ.Znal mutation Froduced by this S’j’ZO state of al m-l 

vr;blp $R!uJlA -s$-- 
resembled that produced by the original state of a1 m-l from xhich it was 

derived. Howev r, with this 07igizal state, the majority of germinal 

pzxq~nrt.kx+&h::-t; express 1~ levels of pigment intensity 

LX Because of the very high rate of gemfinal mutation given by the original 

m-l &NiH 
4 

sta-ke of a 1 , kt WCS not colnsidered to ke a useful one for analysis of tine 

mode of opzration of the Spm qstem and tests of it wers not continued 

beyond the 1351 season, 
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5. Individuality of exnression of each state of aim-' when 

two different ones are in a plant or kernel. 

During the summer of 1951, crosses were malie between plants 

carrying diffc?.ent states of aIrno %@Jh and the tyne of expression GS each 

&a% % the keinels on the resulting ear was examined, 'We m 
I 

dlf&-w (MAudb& VM fTmu+et w tp59 .w da *9,=': - of E+z -1 state 5719A-1 with state 572C and with the 

original state, state 5718 with the original state, st:-:te 5'720 >rith the 

original state, and state 5719A-2 with state 57OOA, not previousl2.T discussed. 

carrying state 5720,a&-/~he types of kernels a:-:pearing on t&a ear produced 

-. 
by one such cross will be given. Pollen from :-lant 6042-9, that carried 

-262 
state 5720, was 

resulting ear there were 4 uniformly pigmented kernels exhibiting tkarr, AT- -, 

type nigment, 
A 

cJw4mlwtiw 
spots of the Al type pigment in a colorless background,-- the typical ," 

pattcrn produced by state 571eA-1': 
/I\ Pollen of this plant was EBxn placed 

%AQ $hJi bog bC- W y+h QWk’tLLbluy, ;:, - tzP+&&uflJy: Qa-3 “.t&y 3?.f#A t”Qd 
on the silks of a plant ho?:ioz:rgous for al and on the resulting e;r there 

/\ Y 
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212 kernels th:>t were uniformly pale colored, and 465 that expressed the . 
variegation pattern typically produced by state 5719A-1. v Plant 6042-q 

variegated 
had been derived from a/kernel on the self-pollinated ear of plant 5720. 

Pollen from a plant homozpgous for a1 had been placed on the silks of SQ 

a 
q tiller eur?of this i::.lant. 

p-n -d!.& --<-9 ..I_ 1.4 / . The kernel t;wes e?~Jtlx , 

ear were as follows: 32 uniformly pigmented kernels, each 8 particular 

Pi@ 
level of intensity 0 

4 
but in 

n/all of tih&&$his level was low, 102 

variegated kernels with b&I+ laT--ge and small areas exhibiting low levels of 

vr\hh4 and- 
pigmenteintensity/in a round, &qn addition, 239 ko-nels 

$.).@ v 
in which no piwent was observed. When Dollen of plant 6042-9, with 

aM4h q&J&&r, . - * _ '> 
state 5720, was :Tlaced on silks of a4zEtle.1. zsz of plant 6046C-1, it was 

cL;M*eLp~w; 
ihf 

learned that the -i,ollen parent was homozygous for state 572OL Thus, the 

CDDBS was made between a plant homozggous for state 5'719A-1 and one 

homo zggous f on state 5720, Tnere weye 216 kernels on the ear this cross 

produced. Four of them were uniforly pale colored. In 18 others, spots 

N Al- type pigment were present in a w lightl:? nigmented back?ro I4 

QPha e pattern of the&A 1 spots was that characteristically produced by st::te 

5719A-1. The intensity of the background pigment was uniform over the 

aleurone layer & each kernel but the level of this differed among the'iQ. 

+4(-=-w% 
kernels. And, these levels W&S& the same as *that sles~~~~~~Pilx 

4 



apporring among the unifomnly ::igmented kernels on ears produced by the 

cross of 
plants having state 5720 to plants homozggous for al. In addition, 

ww.dqlp 
the?e were 194 variegated kernelsA These kernels had the nattrn of Al 

spots produced by state 5719L1 and also the patt:?rn of lightly pigmented 
A-d-b (hhQs@tLeL-w ctlQu?m, I'; 

areas characteristically produced by state 5720 J (see photos), The over-all 
(?ptbAo~&UH JduJdso (kgi!wpw* 

pattern was that which c 
4 w 

from superposition of the 

paMtern produced by one state & that produced by the other, Ezch 

state express &lf 
w 

A its own tyi-:e of response to the presence of Spm. 

It was assumed that in the 18 kernels s;:owing the variegation pctttern 

+wnQe++~ t$i?&& pQ) #($&!&d-L4 
.oroduced by state 5719A-1 

dwQ?- &f&-Q 
rr~&+&+~stable in the presence of Spm, 7~been--e-enttibuted--by~-~~W 

4d.u w- 

c=*ehm The correctness of this interpretati n VJBS made 

evident in tests of the plants derived from ke:nels of this t:-pe that were 

conducted in+subsequent year: The plant derived from each carried a 

of a "-in one Chro30sone 3 * 
muta t/whose R !,I 

exT,ression wai stable either in the presence or the absence of 

Spm and the state f;719A-1 of a1 m-l 
> 

in the homologue,whLch c ntinued to 

f- !CtJiJ 
express its individual variegati,n pattern in subsecyuent generations. 

-1 
n of the tJ9es of test that established this will be postponed '& i c.. 0 

9 until a description may be given o:t' the means b:\- which such tests a7.e A%@ & 
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As described earli,Tr (p:lge: ), plant 5700A was derived from a 

very pale colored kernel on an ear produced by cross of the original a m-l 
1 

carrying plant to one that w::s homoz;Tgoug for a 
1' Tollen of :Tlant 5700A 

was placed on silks of an e=r of a nlant homoz;Tgous for a. 
1' Two tzLe es of 

kernels appe::red on this ear, those that were very pale in color and 

those that were colorless. An accurate classification of the two types 

was not attempted as the intensity of pigment in the pale class was so 

belonging peuPtktiltioBac/elm 
low that it was feared that some/in the class would be placed withtithe 

A 

colorless class. Some kernels that certalinlp had pigment in th$m were 

selected from this ea$and the slants grown from them in the a~mmer of 1951 

w:re given culture number 6078, At least one ec r of each i?lant in this 

culture received nollen from a :-:lant honczygcus for al and sh 
2' On all 

ears so produced, 
very, 

there wre only the two classes of kernels;/pale colored 

silks of y 
make. & some of these ears: ,' As an exam:le,/the fi.rr:t ear on the main "zVh 

stalk of slant 6078-5 received pollen from a nlant homoz?gous for a 1 

i,air.k 
sh 2' On the resulting ear, 256 kernels certainly had pigment in them A 

b \Q-&.Lb . p\gQ&AJx @ .&.a& Qt$b a&tL+#at( Izjy(nd&&&&,‘ 
M-the remaining 314. aI . A tiller ear oft?is ,T 

A 

plant was self-pollinated and sitilar difficulties were: encountered in making 

MwW0-d 
accurate classifications of thesptm classes of kernels. 

/\ 
Among the 424 id~i>:& 



this ear produced, 254 had faint pigment in them but the remai ing 170 

appeared to be colorless. The silks of an ear on another tiller of t 
bo7%- 5 whose constitution mm-1 

plant received pollen from ?3lant ~o~oc-~,z~&E.Ix was al 

The first ear on the 

main stalk of ?>lant 6080C-7 a self-pollinated and among the 234 

ke:nelsW&!$?& ,= i , one was fully Al in nhenot;il:e, none were pale, 172 

were vnricgated for dots of Al in a colorless background, and 61 were 

colorless. The second ear on t'ne main stalk received pollen from a plant 

homcsygous for al. On the ear this cross produced there were 11 pale 

(-/JI& 57\q b-x CWM &F2bt& @ @ ‘lr I 
colored karnels, 97 showing dots of Al in a colorless background, and 127 

41 

*1 
that were colorless. Pollen collect-d from a tille:- of tkiEsplantbo%d‘-7 

da- was placed on the silks of an ear p- _"r_ tiller of plant 
.~~T~-J+..h @  t&f$litbo"lj-~~&:~~~, o-&&f~&&L&A&J, 

607WT ~ @e types of kernels appearing on th@ .ear were surprising. 
~pMuyd??&&a 

There were 2 kernels exhibiting t&e full Al-ty: e pigmentation, 75 kernels 

that were unifoxly pale colored, and 132 that aio::eared to be colorless. 

In addition, there were 259 variegated kernels. Airhty-three of them had . . 

&-k-J 
w % dots of Al in a colorless background--the pattern of variegation associated 

q~~p~r,~\~w~a/J-~~. 
with state 5719A-2. The remaining 176 variegated kc::-nels ey-hibiteci + 

dh- 
l?m+kep areas 3 efl full Al-type pi,P;ment a-: any qmaJ7 s+e& < A 

. In s3me of t?ene 



k:-:rnels there we~c a few m areas and in oti-:e?- 
n 

a few areas that ap;~eared 
UJY. Tlitwd&~b2ti (-n&&w .uA$rp~~lup~4 

to be colorless. It was sus?&ctcd 

7 

immediately that t3.e l2lants in culture 
Jbv* th flv&&L~*c $?pJA, l$,& n_x@g$ cr4sq pi.iLlJCL!ti~~ o&j&&qac;l p#+&&,' 

6078 had a modified state of al m-1 but no Spm. 
A 

Introduction of Spm 

through a male gamete of plant 60&X-7 revealed the pattern of variegation 

this state would produce in its presence. 5+ Subseguent tests substantiated 
:ctc:~~J~.*&Y~Lg &&LtJlb rs:$+&&.q~"~& q&,zu-k pQ@Li& ~~~~~&i~t,~~urLtipblcir,F7oon, 

%kk. 
4 

They commenced with plants derived from the pale class of ke:~ncls 

on ears of Usplants in culture 6078 that were nroduced by/cross 
the qL 

with >>lants homozggous for al and sh2. %e t~rzes of test conducted Tdith 

these plants will be discussed later. 

examining some aspectes of the Spm s::stem of opea tion. 
4 

4 

Plants derived 

from the newly appearing variegated class ofl kernels on the ear produced 
I-PM btJunbt& da 

by the cross of 6078-S by 6080C-7 were also examined. Borne of them w@& 

i2lQ.w 
4 

a1 mal(stnte 5700A)/ al and others i&W 
4 

al 
,- 

m-l($@fNe 5700A)/alm-1 (state 
5 

cvh 
57198~2). B&G+ state,$?&:>ezred Bn the progeny of $&.TI$s having this 

, 
latter constitution,L&. W 

f;ti\ulgh &Ajluydp f.TJfhd Wh 
ch w retained its own properties v&He together 

A 2 
0, 

In the nuclei of ~WI-E? plant. 3&z&&z~ B)iscussion of the manner in w;7ich 

lkhu 
these tests wer + ade >;ill,be uostponed until tlhe methods adopted for them 

may be considered, /' I+ 



Besic!es the intercrosses of T-;lan%s cnr;~. inp t'!:e distinctive states of 

orTgina1 st:rte of "1 m1 in one chro:oso-rye g and al in the lio~?ologue, ~.rith 

plcnts having one 0:: t3::e following derived states: state 5718, state 5'719A-I, 

In the summ.r of J-951, 48 slants were grol"rn from variegated konels 

apl3e:lring on ears produced by cross of the original al m-l carr:?ring slant 

to plants th: t we?s'e ho::lozygous for al. 
I !I "hese kernels exhibited a pattern 

of variegaticn that ws common to most of' t;he v::riegnted kcrnS22.s n::~oduced by 
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test crosses conducted with the orignal a '"-1 
1 carr;-ing plant (phots >, 

The slants derived :?:oom these kernels likewise exhibited the same bizarre. _. 

types of variegation pattern that charactrized the appra:*ance of the 
“p-q-@ - 

kenels. !f!t was obvious that chane:e 

d@pJ 
4 + 

'm-l b@d -a 
"1 A. 

ww+ occurr-93g in a number 

4% ofqcells of -& plant and many of the&m ea!:;lg in G&H+ development, 
A 

Th8!:!,lants were coqosites of distinct sectors in e.zch of ph&ch a pr>rticul::.r 

phenot:;pe was expressed. Many of them exhibited the Al ph.e::ot: ‘(se, In 

others, the pigment was uniformly distributed withi the secotr but ti& 

inte:isity M was low. Still other sectors were distinguished by t&J 
ci -. 

distinctive typep iiihlm*e 

I These WV stre:.ks of the Al type pigment in a non-pigmented 

the t;;pe of pattern of variegation.+ exhibited by one tiller diZPe::-ed 

JL&um+ i&A 4 
greatly from thct40f the main stalk and & otner tillers oti th& same 

4 

plant. 
s‘n- C-,hv 

Some of the variegated plants that we:=e alm-:/al in Constitution were 
b 

used as female parents in crosses with plan-ts homozggous Car a1 .and shz. 

The ty- es of ke:-nels apnearing on the resulting ears are @ :/en in A of _ 

table 17. Pollen of two xsilants were u sed on silks of 7lantS cZrr:-ing 
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a modified sl;nte of a 
1 m-l (state 5718 or 5'719A-1). To serve as a con<,rol 

m, part of the pollen collected from each plant was -laced on 

silks of ea;'s of slants t'nat were homozT7gous for a,. The k, : nel t:,T:es on 
p(adLrq $. a-j $ -ru.fu @a& lth!i& p!.i2~ 
SW=W ears4az'e shol$m in B of table 17, In this table, the kernels t&&- 

4 

are *-laced under the headingHAl". 

Under the heading of "pale" are placed those k.?>nels th..t were uniformly 
a p&tgg& VJ &J~L~al m+ 

pigmented but in which the intens%tp of MX.&SKC~J~O \;lower -tW 1. 
rjr.&.flV & &J &\qJ& 

-lo/, 
4&' ,~~&A 

. Wthin this class, tM&e I"T-.~ 9 rary5e;m intensity 
4 

from very faint- 

bA pw fn..some m to m:?ddium dark fe others, All ke-nels 

exhibiting variegation f or anthoc:~anin pigmentation are anr&ered under the 

had both 
heading "variegated", Most of these key:nels m large hndsmall 

wJ.4 ~&.xj.h f&k@JJ, @d&3 -4 
areas with the A 1 phenotype a&. pale ayeas., . In the last column of KC&S 

I 
\'I &I 4 -pc( v 

table are entered the number of ke n&srexpr SW, a markedly altrc!red 
h Y 

pattern of variegation, . similiar in -Qpes to tnose m*ti 
A 

altered states that have been considered in previous sectinns. It may be 

seen that the number of them is low, However, other changed states, 

less easy t, detect, were being produced. Gne of the:: was detected 
c";o-. p&j&& 

because it was present in -Q@ cell whose descendent cells gave rise to an 
g,, jh, k bfd-. -l-J!!!& J-43 fL" 4 

_,- 
ear,%&& had been used in a cross with a plant homozygous for a 4* ahd sh 

, 1 2' 



The pattern ex:rt:ssed by the vGriegatzd kernels on the resulting ear was 

of one type and it diff red from that given by the original state of a m-1 
1 l 

This similarity in patt' rn made it possible to know that an altered state 

w::s present in the cells that gave rise to t!:is ear. In the presence of 

Spm, this altered state produces many small Al dots, located very close to 

each other, and also some larger areas exhibiting the A 1 phenotp!-,e 

(Photo. >. To the naked eye, some kernels having this pattern of 

variegation may appe?.r to be uniformly pigmented. iiowever, micu?Dscopic 

examination of them reveals the pattern of Al spots that is resconsible 

for t17i.s deception. The dots of Al are so close together that. there 

distinctiveness can not be seen except when viewed under magnification. 

(In all studies of variegation, kernel t;(.pes on ears a-e ex*:mined under 

magnification in order that details of imortance in them would not be 

undetected.) In the absence of Spm, k:i-~nels in d-iich this state of a m-l 
1 

is present have pigment in them, but this is so light in intensity that 

de.tection of it someti:-zes is difficult. 'he ty-De s of kernels on the 

ear 0-Z' the original plant having this state 5996-k alye givei1 in C of 

table 17. In plant 5996-4, one Spm was present and it w@s carried in 

one of-its two chromosomes 6. (See footnote to table 17.) 



On the eax produced by crosses of plants that were a m-1 (original 1 

atate)p' al to plants that carried eithc_r state 9X8 or 5719A-l/al, 

the original state of 
many of the kexels that received/aim-' ,or a mutant derived from it, 

could be recognized. Likewise, those that received al from the plant 

having "the original stzte of alm'l and the derived state of al m-l from 

the other ppcrent also could be recognized. This may be seen from the 

photograph of kennel ty-!es appearing on one such ear (photo. ). 

However, kernels with a E~&&&K- new phenot::pe appeared on these ears. 

They ‘had the pcttern of A1 dots given by the derived state of a 1 m-1 but 

pale 
these a:>pecred on a/pigmented background instead of a colorless backgn,und, 

This suggested that the nlant carrying the o?-,ig;i-?a1 state of al m-1 had 

contributed a mutant of al m-l giving a reduced grade of pigment intensity 

and that this mutant was stabe in the presence of Spm. Tests of plants 

derived from such kernels indicated the correctness of this interpretation. 

In other words, the origrinal state of a m-l 
1 

was giving rise to mutants that 

were stable in the 'resence of Spm, 

Some of the pale mutants produced by the original state of a m-l 
1 

that cre stable 
/ in the presence of Spm very much resemble in their phenoQ.-nit expression 

thzt given by some of the derived states in the absence of Spm. 'Li'his is 

strikingly illust rated by one tyne that resembles that produced by state 
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S'i'l?A-l.in t he absence of Spm, ki:rnels having state 5719A-1 aye <eeTly 

pigmented Menever Pr is present in them. However, when the koraels are 

horn zygous for the recessive allele, pr, the kernels a-1-e only lightly 

pigmented. Some of the stable mutants derived from the original state 

of al m-l give these same phenotTypes with the alleles of Pr, It would 

appar that the production of either a stable mutant or a new state by 

the original state of al m-l is associated with tne fate of the controlling 

element at the al m-l locus. Its removal or total inactivation could 

slight 
give rise to tLe stable mutants whereas a/shift in its location, without 

inactiv::tion, may be resxonsible for the origin of scme of the altered 

states. It is apparent, nevertheless, that the production of st:tble 

mutants by the orig.nal state of a1 m-l is far more freq~uent than the 

production of ebviously altered states of the types that hnve been 

described in t%is report. 

In the cross of alm'l(original state)$ a1 by al m-1 (state 5718 or 

5719A-l)/ al, the Spm number WLIS known only 

3 f!g tJ\- 
in the plant c:rrying t'ne derived state. The Spm number in plants 

4 

the original s&te could not be determined readily from the t:,-yes of kenels 

&Q @I& 
appearing on ears produced by testycross:.; conducted with $3~. The A 

?I:_. ving 

frequency of occurrence of germinal mutation was too :ligh, Nevertheless, 
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the 
the types of kernels appearing on the ears produced by,/&Icess of ;lants 

carrying the original state to nlants carrying the derived states, whose 

constitutions were given above, is instructive, and the t;-ues of ke:nels 

appe:;ring on six ears produced by this tyl>e of cross will be given. 

There was a total of 2l75 kernels with the followi g phenotypes: 

the 
277 with/Al ww phenoty:?e, 71 that were uniformly pale colored and 

m-l had a derivative of the -xxx 
some of these obviously -*rnv*- the original st::lte of 

m-1 and 
al introduced by the parent Irving it, Eighteen other kernels were 

uniformly pale colored but supperimosed on this were dots or spots of A 
1 

with a pattern given by the derived state of m-l a 1 used in the cross. 

There were 1207 variegated kernels that fell into two distinct classes: 

602 eThi.bited the pattern that is characteristically produced by the 

original state of a1 m-l and in some of these, t'ne presence of the derived 

state was suspected, and 60~W'~~ that exhibited the dots or 

charact,,ristically produced by the derived state and 
spots of Al/in what appeared to be a colorless background. In additi.on, 

there were 602 colorless kernels. Tests of plants derived -from kernels 

exhibiting the variegated patt rn of the derived state on a pale pigmented 

background, and those derived from ones in w:lich both the original state and 

the derived state were suspcctf:d to be ureset, confirmed the suspected 

constitutions of the kernels from which each was derived. From the former, 



the presence of a stable mutant in one chromosome 3 and the derived state 

either 571.8 or 5719A-1, as t'ne case may be, in the other chromosome 3. 

Plants derived from the latter ty::e of kernel had the original sake of 

a1 
m-1 in one chromosome 3 and the derived state in tne other. 

Tests of a m-1 behavior tnz 
1 

t have been discussed i: detail in prsvious 

sections 0-Y t.As rc>:oA were all conducted during the e,.rly :I r?od of 

study of al m-1 . From them was developed an interprctztion of the primary -' 

mode of op!?ration of t'ne s:rst~m r:,sponsible for control of gene expression 

at alm'l. The origin and behavior of diffc ,ent states of al m-l were 

considered, and the discovery- of an independently lotted element, Spm, 

whose mode of action bras outlined, was likewise treated. Eev(:rtineless, 

up to this time in the stud:, of a1 m-1 , no nrevise tests of this interpreta- 

tion had been conduct,-:d. 

The interpretation that hod been developed implied the following 

conditions. Spm is ax -mtiW is the indenendently 

located element in the alm"l sys-tcm, and it is subject to transposition 

from one locntion to another in the chroxsome com;?lenent, In its 

presence, change occurs at the a m-l 
1 locus and th&s may lead to oze of two 

ma&n consequences. One of them results in a stable mutant expressionj 

+ Jk ch mu$ant~.~~~..;~esscs 
4 

one mode of gene action, recognized by the d-e-grep a&- 



93 

t& anthocganin 
and kind,,of/i~il;ment that ir+w in pl;:nt and k;;<rnel. The second 

chanlts in an alte:qed state of a1 m-1 , e ch str:t e exprc,ysion the-8-deafter one 

P na- titular t:'pe of -3sonce to Spm. This is fis related to conLro1 bp the 

altered a IX-1 

1 itself of the time during development when subsec:,uenti chan,ye 

1511 occur WI it, the ty:?es of mut nts that these latt r chnnrres will 

induce, and t,:e number 0: cells in w?.ich such events will occur. The 

number of Spm elements present in the nuclei of a plant or kernel does not 

particular most 
alterthese qualities of a/state of almB1. In the absence of Spm, a 

states of 
arbti~ al 

m-l 
function6 in the produchion of anthocganin pigment in botn 

of vigment 
nlant and kernel, and again, the t:@ /and level of its production -E&.X 

3cpmtxWm is a quality of state of aim". T'nis function is su?pre?sed 

in plant and k:-:rnel the 
Uhen Spm is present in thenuclei. Removal of Spm from a ~~LEXLX* nucleus 

potentially 
wf a somatic cell will allow the/functional activity of tie staI:e of a m-l 

1 

th?t is present to be exoressed in its descendent cells. 

The above statements incorGo:c:ate the primary conditions imposed by the. $ 
:: 

intcrpretaticn. 1%~ kvidence 
"I;- ,$ . . I+M--E~ Tiara the general 

?)jtJrw w@.kI f-JfJ.:t: <P {,I GY!LI, 
; 

validity of this interpretation, * Therefore, 
$ 

such test were condu.ct d .; t:' 
4 
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The interpretation of mode of control by Spm of gene expx>ession at 

m-l 
a1 , outlined in previous sections, recui:Ted precise verification, end 

tests devided for this purpose were conducted during the summer of 1954. 

The interpretation considers that no Spm is present in the uniformly 

on ears derived from crosses entex:d in tables 2 to 

8 and 10 to 15, but that it is present in all kernels exhibiting pigmented 
4 

areas in a colorlesg background, It also considers tAat each state of 

a1 m-1 
& ' ibawn . I. will respond to any isolate of Spm ine manner,-. .LlbCIlC 

4 

illustrate, if pppllen of a plant homoqgous for al and cl?-rying 1 Spm 

v@- 
is placed on the silks of a number of plants, each derived 30x1 a pale A 

colored kernel and in each of which a different state of a m-l 
1 is present, 

on the ear 

present in tne ear becring plant, 

If the pollen parent s11xG.d have 2 ~PF ncn-linked Spm elements, 
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then on each of the resulting ears there 
'I," ii‘ '+ 

should be a ratio of one4pale 

'7tl. i -j8 "Tw; m 1 
colored ker:nel to 3 variegated kernels among -t&e a - cm ~w.B& 1 

s 
A 

d, 41 (y],f,i~(y& i&r, :d.J . t..c i<( ntc.1td 
and again, the ppttern exhibited b :~~t&m should be that E&E& by the 

state of a m-1 
1 that is present. 

Several t;ges of test-cross were devised that made it possible 

to learn whehter or not Spm wer present in any one plant,and to demonstrate 

L:'du.,;&& 
with certainty the c ' -~ 

fJi J? iv ‘<,.E ? i(dl & 

-7-y state:of a1 m-l __ 2both in the 

,j-c\Jp 
presence and absence of Spm, A These were conducted during the summer of 

1954. Th$/plants to be tested wel*e derived from selected kernels on ea:.s 
1 

produced by cro::ses made in previous growing seascns. The types of 

kernels selected, the number of plants derived from e2c.h type, and the 

origin of the exzr from which ti selection3 :J&~ made, is given in table 

18. 
fJ& &-I&J 

All kernels r? from one ear were grown under one culture 

numbor, that entered in the last column of this table. I-ioweve::, the 

"&+jf&j (d r i!' y&:, ) 
kernels of ench classj/ixx&xj ?:ere separ~ri;9d-..fr& sx-~-~Sk~,& 

4 

JJXXWEX separately from those JW r, each given the same cultu2-xe 
63 .[ +. p1R,* -.: ' p fi$ : ; A 

number but appropriately distinguished by a lettar of the alphebet following 
thg,eC.tm number, /? 
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The most critical types of test-cross were conducted with plants 

three diff'e:rent categories. The plants belonging to the 

first of these were unif rmly pigmnted. They were derived from pale 

each 4ti 
colored kernels on b self-pollinated ears of plants/ha&& one 

particul$?r st2l;e of alal. ~ Bach of the tester plants in 

category wn~ homozggous for *particular state of al m-l 

in the parent plant. They were also homozygous for Sh2. 

this first 

4-- &. A.. 
that wxs present 

A, 

Within this 

category, four different states were represented, and these are 

s, 3 u&J. ] -- 
part I of table 19. The culture number of eachAfrom which the* origin 

P -.I 
"@.I, crh C'lr ,x- I 

n. ,. Q may be traced through table 18, as-w&L asf;:le+constitutians with 
2 

regard to genetic markers carried in chromosomes 5, 6,and qpa:r.e nlso 

given in this table. 

If the plants in part I of table 19 are used in crosses of the 
4 

following ty-!e s, only pale colored, Sh2 kernels should apy3etr on the 

resulting er.rs: 

(1)Crossod with plants of the standard al/al tester stock. 

(2) Self-poll inlted or sib-crossed 
&& j, ,i&,?! ?$.@&,d&,(~f, F’< 1 ,.i ” ..< 

(3) Intercrossed with plants in the same c-tegorylbringing togethFrAtwo 
diffe-ent fq-1 . 

(4) Crossed to clants derived from the pale class of kernels in table 18. 
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(5) Crossed to some of the plants derived from the colorless, sh * rI‘ p"?-'4 $ 1 
culturss entered in 

kernels in/table 18. 

If theP&plants in part I 0 
)#\A JM 

f table 19 are used in crosses of the 
$&A b&q 

:* 

fw typ&',, both pale colored, + kernels and vcriegeted# 5 

kexels should appear on the resulting ears: 

(1) Crossed to some of the plants derived from the colorless- iib*$ 

ke:nels in cultures entered in table 18. 

(2) Crossed to plants derived from the vriegated class of kelnels in 

are 
cultures of table 18 in which the constitution of the plantsg# aim-' Shy 

al sh2 . 

From cross (1) immediately above, all the variegated kernels on the 

a pattern "nQ &,&e t&& $a 
resulting ear should exhi.bit/that&js exgec-Led to be produced by the state 

of al m-l present in the tester r::lant, AwQf one ear of the al/a 
1 

plant received pollen from a tester plant homozygous for one state of 

m-l 
al and another ear of t&e same plant received pollen from a tester 

plant that WCS homozygous for another state of al m-l , then among the 

/ ;;;$l"$g azmxmq each ear, 1 a distinctive patt-Tn m -, s ould 
cJJw$k QL" Q$q@i^;;? J&&JJ-- , Glrl!i *F!.' g.i@a-, _._ . . 

be expressed, 
‘\ 

one pattcrn’on one ear and another patternjon the other 
4 

/. !F ear. 
fjJ&'.il4 a m& ,*,w 

The pa.ttern W vov;ld 
q \.r z"t 

/\ 
W-J 

t t'ne individual response of %* 
4 c 

state of a m-1 
1 1,. 

contributed by the tester stock,tc: the presence of the 
.c, : 

same Spm element. 
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From tqrpe-cross (2) immediately above, two class! of variegated 

kernels tiould appear on the resvltlng eizr. One shoul.d exhibit the 

variegated patt..m produced by one state of a m-l 
1 

superim>:osed on- 

that produced bg the other. These would be the kernels receiving al m-l 

fbom each parent. The second class should exhibit only tne pattern that is 

produced by the state of m-l a delivered to it by the tester plant, and 

IL Iid 
these kernels would be those/receiv' +=& 
9-d ix ,= -I +.&a & ~~~cb.+ \Jf,*,.fi * 

a1 from the plant being tested! 

On the ears produced by the type-crosses described above, it should 

be possible to determine the Spm numb.:;r in that part 02' the plant that 

prod&d the ear used in the cross. 6 This could be deduced from the ratio 

of pale to variegated keynels that appearSon the ear. Also, if the 

plant being tested we1.e heterozygous for one or more of the genetic 

markers in chxmosoxles 5, 6, and 9, given in table 19, then the location 

Of SPm with respect to these markers could be detl:rmined, prov&ded that 
u .jQJ &': w,Q &if..!J ;,~~@~~~~,~' : 

&~thstester~klan 
UP-4 *"q* 
, these markers,wer 

r-8. 

entered in part I of table 19. From the 

kernel types on the resulting ears it was --ossible to de%+& r~&=%&& the 
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ctw 
- a1soT4- t, the number of Spm elements &Be& were present in 

any one tested part of a plant. . In many plants J 

~&ZZ&EZ the locu.tion of Spm with reference to the three given genetic 
?4] : +t (4 ~~.i.uE;~g&J 

maxkers, Pr in chromosome 5, Y in chrom: soxe 6 and Wx in chromosome 9, 
4 

1 the dirferent 
These tests also SW confik'the individuality of/states of a 

m-l 

w-e% ;I $.** 
in tid'control of pattern of variegation in the presence of Spm,and,ty~e of 

q&J &/J&f ?m#if& aa . ' -. 
.r w,?? c I 

gene expression giveQ in its absence. Before evidence H=i&+++s 
.t 4 

presented, Yne usefulness of tester plants in each of the two remaining 

categories wil!. be described. 

For some types of tc-st, it would, have been desirable to use'plants 

that Bere homozygous for both al m-l and sh 
2' 

At the time, no plants of 

this cons?itutLon had been constructed. Theiqefore, kernels that were 

a1 m4 sh2/ al sh2 app!?aring on ea=s produced by the crosses entered in table: 

5 and 8 were select:-d and plants groom from them. All oi" them had the 

XICZ&E 5719L1 state of al m-1 . Four plants were derived lErom pale color::d, 

sh2 kcrnelgand 6 plants were derived from variegated, sh kernels. The 
2 

ears from which each of these were selected is indicated in table 18, .^- 
Q., /,' trz !\'i J,i/f yj,*f ,g@q 'I?\‘ 'it;‘,{.: 1 i. i7.I p;J i.6 s] !"$ 19 -2 .,':r I& , :t v+ h ( ., ' 25, 

The e 
i * 

RJiQT \t &.i& 
of these plants xith respect to Spm$nd&&~~~lleles of Pr, 

+ 4 

Y, and Wx are entered in p arts II and III of table 19, 
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The plants in Part II of i;able 19 were all unifortiy nicmented. 

When pollen from any one of them was placed on silks/of plants in the 

standard al, tester stocks, one-half 0-f the kernels on the r sulting ears 
b 

were uniforsnly pale colored, sh 2) 
and the other half weye colorless, sh2. 

Xhen the same l>ollen was placed on silks of ears produced by @Aants 

da-t 
der-ived from the pale,Sh2 class of kernels W&J&& had the constitution 

al m-1 
i+- w\'c') 

Sh2 / al sh@ tne ratio of kernel ty:X:es on the reculting ears were 

as fOllOWS: 2 pale colo:Ted,Sh2 : 1 pale colored, sh2 : 1 colorless, sh2. 

However, when the pollen was :llaced on sflks of ezrs of sister plants J 
f% -- S.&J‘f~ #+, ., 

derived from the variegated k*-:rnels A 
,,,pale and variegated kc:xels appeared 

m-l 
al carrying 

on the resulting ear, not only in the Sh2 class but also in the/sh2 class. 

This indicated thxt the variegated nlant carried =Spm to which the m-l a 
m-l 1 

a 
iii 

k2.l ikf&~ &l $- 
in the/s 2 chrozlosome d-3 f~ the tester l 

5, I.$ 
m could respond. It 

LA -* ‘. .,'I .I_ 
was important to compare the ratio of pale to variegated in the Sh2 class 

I 

with that in tne m-1 a 
1 I c- sh2 

class in order to learn whether or not 
O/.I 4 

T 
{,(J. ) fc.: :“l< 14 ‘A-‘ h.~.,. _ .* 

d-6 

;z, 

Spm was located in the WIEBB chror:osorxe 3 that had a1 m-l 
Q &&y q,$,: 1 .j$l $!!! 

and Sh2. If so, 
s\ b 

the ratio of variegated to pale kernels in the Sh 
2 class wc?z.ld be greater 

$han in the sh2 class. Tests conducted during -;;he swnmer of 1954 did not 

reveal a case of this but similiar types of test cnnducted in later years 
I 

did reveal the presence of m Spm ~&WXA& in chrox:oso:-le 3 in soz-?e plants. 


